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By Sidney A. Batterson and Thelma Stewart
SUMMARY

Tests were made 1In the Lengiey inmpact basin to deter-
mine the relationship between impact normel accelerastion
end flight-path angle for seaplanes landing in smooth
water, The tests were made at both hizh end low forwsrd
spggds and st trims of 6° and 9°. The mndel hsd a

L
225 sancle of deed rise and & gross weight of 1100 pounds.

The results of the fests indicated that, over the test
range of flight-path sngle &, tThe meximum impact ncrmal

L. e 1.5
.acceleration wes proportionsl to Y“‘Jh for 69 trim and

to 71'35 for ¢° trim. A4t low flight-path anglies the
dynsmic 1ift forces resulting from the dcwnward deflection
induced in the weter imoinging upon the float bottom
predominated, wheress at high flight-path angles the forces
resulting from the virtusl mess predorinated. The meximum
denth of immersion and the immersion that occurred at the
instrnt of maximum normel force showed vary little effsct
of trim,

INTRODUCTION

Tests made in the Langley impsact basin to detzrmine
the effect of flight-peth angle upon impact normal acceler-
ation for seaplanes landing in smooth water have been
described in references 1 and 2. Thess tests werz part
of en investigction undsrteken to deternine the elfsct of
flight-path angle upon impact accelerstions throughout
the range of symmetrical landiingsS. Since ths trim determines
the relative effect upon the total inmmact load of the
dynemice 1lift forces due to the downward deflsction of the
‘water impinging upon the Cloat bottom end thc forces
resulting from the rate of chenge of the virtual mass, the
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investigation included tests at various trims. The results
vresented in refersnces 1 and 2 show the variastion of
impsct normal accelerstion with flight-path angle for

trims of 3° and 129, r svectively. As a continuation of
the investigsztion, data are pres ntea herein to show the
variation of impact normsl accelaration with flight-path

engle at trims of 6° and 9°. The tezts wore made with a
o

1 <
imodel having orismatic form and a 22§ angle of dsad rise.

The effzct of weizht 1s not included, since the total model
welight was held constant througliout the tests.

SYMEOLS
v resultant velocity of float, feet per second
Vv, horizontal ve2locity component of flost, feet
per second
Vy verticel velocity occmponent of flost, feet per
second
g accelerstion of gravity (32.2 ft/sec2
2 impact force normal to water surface ounds
iW v ? p
W total model weight, pounds
iy
nj. mexirun impect load factor ( )
“Ymax
T float trim, degrees
. (. Vv
Y flight-path angle, degrees |tan 4 = T
Yy vertical displacement of float, inches

EQUIPHENT AND INSTRUMZENTATION

The Langley impect besin float model M-1 tested,

o
which has a 22% angle of deead rise, was the forebody of

the float described in reference 3., The lines and
pertinent dimensions of this model are shown 1In figure 1.
The gross weight of the model including the drop linkage

) v
—_— ] - : S —
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was 1100 pounds. The equipment and instruments used
throughout the tests were, with the exception of the
accelerometer, the same as those described in reference 3.
An NACA alr-damped accelerometer with a freqguency of
aporoximately 21 cycles per second was used to determine
the impact norimal sccelersation.

TEST PROCEDURE

The model was tested with 0° angle of yaw at trims
of 6° and 9°. The horizontal velocities for these tests
renged from avporoximately MS feet ner second to approxi-
mately 100 feet ver second, and the vertlcal velocities

1
ranged from approximately l§ feet per second to 12 feet

per second. The range of flight-path anple wes from 1°
to 119, The depth of immersion was messured at the model
stern pervendicular to the level water surface. During
the impact process a lift equal to the total weight of
the model was exerted on the float by means of the
buoyancy engine described in reference 3., All test
measurements were recorded as time histories.

PRECISION

The apperstus used in the present tests yield meas-
urements thst are believed correct within the following
b} ®
1imitss

Herizontal velocity, foot per second « « o « » . . %0.5
Vertical velocity, foot per second « + « « « « . . %0.2
Vertical displacement, inch . « & o o o o &+ + « « *0,2
Acceleration, € « o« « o s o o o + « o« o s o . 0.5
Weilght, DOUNAS « o o ¢ o o o o o o o o o o o« o « & £2,0

© RESULTS AND DISCUSSION

Tor each run an sccelerometer record wes obtained
from which the meximum load factor for each impact was
derived. Since the buoyancy sngine contributed a force
equal to the total weight of the model, 1 g was. subtracted
from the values obtained from the accelerometer record to
isolate the hydrodynamic force resulting from the impact.
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Inasmuch as the meximum impact normal acceleration
was showmn in reference 3 to be proportional to the square
of the resultent velocity, the hydrodynamic load factor
was divided by V2 to make it independent of velocity.
The vaelues of ninax/Vz for both float trims of 6°

and 9° are plotted in figure 2 against flight-path angle

at the instant of water contact. Within the scatter of

the test points appeering in this figure, the variation

of njy with « 1is a simple power function over the
Wmax

test range. Evaluation of the slopes of the curves in

figure 2 shows thsat for 6° trim

niwmax Q:Ylosu

and for 9° trim

s @ g1+ 23

i
Wmax

Figure 2 indicates that at low {light-path angles
the impacts for 9° trim resulted in higher loads than
those for 6° trim; however, ss the flight-peth angle
incressed, the two curves tended to intersect. This
condition is described in reference l and is attributed
to the fact that at low flight-path angles the increaced
trim produces greater downward angle of water deflection,
which results in greater impact acceleration. On the
other hend, at the high flight-path angles the increase
of virtual mass primarily governs the magnitude of the
impact accelerstions since the depth of immersion increases
as the flight-path angle becomes larger. The mass effects
are obviously greater in the case of the lower trim,

Msximum depth of immersion and depth of immersion

at time of Ny, are plotted against flight-path angle
max

for trim of 6° in figure 3 and for trim of $° in figure l.
A comparison of figures 3 and L shows them to be nearly
identical and indicates that the difference inr trim had
no significant effect on depth of immersion. The test
renge of flight-path engles was not sufficient to show
the very marked effect of chine immersion upon the depth
of penetrstion at the time of maximum force as observed
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in reference 2; however, for both the 9° and 6° trims the
curves exhibited reduced slopes et the higher Ilight-path
engles.

CONCLUSIONS

Tests were made in the Langley impact basin to deter-
mine the relationship between the impect normal accel-
eration and flight-path angle for seaplanes landing in
samooth water. The results of the tests, which were made
at constant weilght and model trims of 6° and 9°, lezd to
the fellowing conclusions:

1. The maximwa impact normal acceleration for 6° trim

a3V
was proportional to Yl'5h over the test range of flight-

path angle «.

2. The maximum impact normal acceleration for 9° trim
° ?7 1,
was proportional to Yl'J) over the test range of w.

%2+ The experimental deta provided a check for the
previously drawn theoretical conclusion thst: at low
flight-path angles the 1ift forces resulting from the
downward deflection induced in the water impinging urcon
the float bottom predominated, whereas at high flight-
path angles the forces resulting from the virtual mass
predominated.

h. The maximum depth of immersion and thie immersion
that occurred at the instsnt of meximum normal force
showed very little effect of trim.

Langley Memorial Aeronautical Laboratory
Natlonal Advisory Committee for Aeronautics
Langley Field, Va.
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